This article brought energy demands, energy supply and government regulation into a nonlinear dynamics system with the analysis of the relationship between the variables and their influence on energy resource. A simple estimation method for the various parameters involved in the model is given. The dynamics behavior of the system is analyzed by means of Lyapunov exponents and equilibrium points. With the aid of simulation figures, the evolution behavior and the change regularity of the three-dimension system, and their influence trends on energy demand-supply are shown vividly. Finally, the role of government regulation in the energy supply and demand is analyzed through the adjustment of the parameters.
Introduction
Energy resource system is a kind of complex nonlinear system. Energy resource including coal, petroleum, natural gas, water and electricity, and nuclear power etc, can be classified by renewable energy and non-renewable energy according to the capability of sustainable utilization. The issue of energy supply and demand has been valued world-wide with increasing development of economy. How to study energy resource system deeply through nonlinear dynamics is becoming the hot topic of academic research. In recent years, the research of energy supply and demand has attracted a great deal of attention from various fields of researchers. Takashi Kanamura [1] proposed a new volatility model for energy prices using the supply-demand relationship. Rashmi Kadian, R. P. Dahiya and H. P. Garg [2] applied the Long-range Energy Alternatives Planning (LEAP) system for modeling the total energy consumption and associated emissions from the From the above analysis, we can see that previous researches mainly explored the influence of energy resource by energy structures, technical change and management level, energy consumption structure, economic structure, energy prices and so on. Compared with the previous researches, this study brought energy demands, energy supply and government regulation into a nonlinear dynamics system with the analysis of the relationship between the variables and their influence on energy resource. With the aid of simulation figures, the evolution behavior and the change regularity of the three-dimension system, and their influence trends on energy demand-supply are shown vividly. It is clear that this paper is more vivid and more adherent to the reality. This paper establishes a new three-dimensional energy demand-supply chaotic system with government regulation. It is organized as follows: Section 2 sets up the model; Section 3 gives a simple estimation method for the various parameters involved in the model; Section 4 gives numerical results of the system. Simulation results show that the system can generate complex chaotic attractors when the system parameters are chosen appropriately. Analysis and application of model results are presented in Section 5. Conclusions are finally given in Section 6.
Establishment of the Model
Let x(t) be the time-dependent variable of energy demand shortage. Let y(t) be the timedependent variable of energy supply and z(t) be the time-dependent variable of government regulation. Firstly, we give the following assumptions:
The energy in the model refers to the fossil energy which including oil, natural gas and coal.
Assumption 2:
The number of energy demand shortage reflects the level of economic devel-opment of the region (or countries). Due to the need for economic development, the growth rate of energy consumption quickly in economically underdeveloped regions (or countries). Therefore, this will lead to the increase in energy demand shortage in economically underdeveloped regions (or countries). In economically developed regions (or countries), the absolute amount of energy consumption is very large, but the growth is slow. Because the economic development of the economically developed regions (or countries) enter into a post-industrial stage, the economy will enter a low-energy, high-yield industrial structure. At the same time, developed regions (or countries) will attach great importance to the development of energy efficiency and clean energy, which also cause the demand for fossil energy gradually reduced.
Assumption 3:
Government regulation refers to government investment in energy production or industrial structure adjustment.
Assumption 4: Self-regulation of the energy market has inherent defects, the government has the inherent potential for the regulation of energy markets.
Under the premise of the above assumptions, a new three-dimensional energy demand-supply system with government regulation is obtained as follows:
is a given economic period (i = 1, 2, 3, the units of M , N , L, K can be transformed into tons of standard coal). a 1 is the development coefficient of x(t), a 2 is the influence coefficient of y(t) to x(t), a 3 is the influence coefficient of z(t) to x(t), M is the inflexion (local maximum point) of x(t); b 1 is the influence coefficient of x(t) to y(t), b 2 is the development coefficient of y(t), b 3 is the influence coefficient of z(t) to y(t), N is the inflexion of market self-regulation, K is the inflexion of government regulation; c 1 is the influence coefficient of x(t) to z(t), c 2 is the development coefficient of z(t), c 3 is the inherent potential of government regulation, L is the initial value of government regulation.
The first formula in Eq. (1) The second formula in Eq. (1): As for b 1 x(1 − x/N ), indicates that under the regulation of the market itself, when x < N (obviously N < M ), i.e. 1 − x/N > 0, the influence of x(t) for y(t) is positive; when x(t) arrives at the peak value N , the influence of x(t) on y(t) will be negative. −b 2 y shows that the change rate of time-dependent energy supply dy/dt is inversely proportional to y(t), i.e. the development of y(t) will slowdown the pace of dy/dt. As for −b 3 x(1 − x/K), when x > K, according to the model assumption 2, it shows that the regions is economically underdeveloped regions, so the government should increase regulation efforts to increase the supply of energy to promote economic development, thus −b 3 x(1 − x/K) > 0. When x < K, according to the model assumption 2, it shows that the regions is economically developed regions, the government should control the supply of fossil fuels, in favor of the development of new energy supply, in order to achieve the adjustment of industrial structure, thus −b 3 
The third formula in Eq. (1) indicates that the government has the inherent potential c 3 for the regulation of energy markets according to the model assumption 4. dz/dt is positively proportional to energy demand shortage x(t), i.e. the increasing energy demand shortage will promote the growth of dz/dt. dz/dt is inversely proportional to government regulation z(t), i.e. dz/dt will decrease with the increase of z(t).
Parameter Estimation of the Three-dimensional Energy Demand-supply System with Government Regulation
It is very important to estimate the model parameters in the practical application. Next, we give a simple estimation method for the various parameters involved in the model.
(1) Estimation of the development coefficient
where, ν 1 represents the average annual growth rate of energy consumption, ω 1 represents the average annual growth rate of national economy; η 1 represents the average annual growth rate of the total energy supply, ξ 1 represents the average annual growth rate of national economy.
In the case of a 2 . Let x(0) = 0, when t is small, we ignore the role of energy demand and government regulation, and approximate assumption y = y 1 , then the first formula in Eq.
Suppose, when t = t 1 , x = −y 1 (negative sign indicates that energy demand shortage and energy supply are in two opposite directions), then from the above formula, we get 
Numerical Results of the Three-dimensional Energy Demand-supply System with Government Regulation
We chose a set of parameters as following a 1 = 0.09, a 2 = 0.15, a 3 = 0.15,
Therefore, the Lyapunov dimension of this system is
which means that the Lyapunov dimension is fractional under the same condition. The system has a chaotic attractor, as shown in Fig. 1 (a) (period-doubling bifurcation), let initial condition (0.78, 0.1003, 0.3), the system has a chaotic attractor, as shown in Fig. 1 (b) , let initial condition (0.78, 0.3, 0.3), the system has a chaotic attractor, as shown in Fig. 1 (c) , let initial condition (0.78, 0.9, 0.3), the system has a chaotic attractor, as shown in Fig. 1 (d Numerical simulations show that there is a complicated relationship between energy demands, energy supply and government regulation. This complexity is closely related to the model parameters. These parameters take different values at different times and with different backgrounds, different values will cause the system to a stable state (Fig. 3) , periodic state (Fig. 2) and chaotic (Fig. 1) . Meanwhile, Fig. 1 also show that system (1) with the same parameters, but different initial conditions, then the system exhibits different chaotic behavior. This indicates that the system has the initial sensitivity.
Analysis and Application of Model Results
Next, we give the results of the model under different parameters and then explain their actual significance.
Energy Demand-supply Model without Government Regulation

Theoretical Analysis
Let z = 0, then system (1) change as follows:
system (2) expresses the complicated relationship between energy demand and energy supply.
For system (2), letẋ = 0,ẏ = 0, we get two equilibriums:
, where
For equilibrium point S 0 (x 0 , y 0 ), We have the following conclusions:
is a stable equilibrium point; when a 1 > b 2 , S 0 (x 0 , y 0 ) is an unstable focus point; when a 1 = b 2 , system (2) appear Hopf bifurcation.
Proof. For equilibrium point S 0 (x 0 , y 0 ), The Jacobian matrix of the system (2) at S 0 (x 0 , y 0 ) is
By calculations, we can obtain the eigenvalues of J 0 are
Then we get the following conclusion:
are a conjugate pair of complex eigenvalues with a negative real part, so the equilibrium S 0 (x 0 , y 0 ) is a stable focal point; if a 1 > b 2 , then λ 1,2 are a conjugate pair of complex eigenvalues with a positive real part, so S 0 (x 0 , y 0 ) is an unstable focus point; if a 1 = b 2 , then λ 1,2 is a pair of pure imaginary eigenvalues, so S 0 (x 0 , y 0 ) is a Hopf bifurcation point.
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For equilibrium point S 1 (x 1 , y 1 ), We have the following conclusions: Theorem 2. Equilibrium point S 1 (x 1 , y 1 ) is an unstable saddle point.
Proof. The Jacobian matrix of the system (2) at S 1 (x 1 , y 1 ) is
The characteristic equation of J 1 is
The constant term
into the above formula, we get
< 0, thus the eigenvalues are real numbers with contrary sign, and S 1 (x 1 , y 1 ) is a saddle point. 2 , i.e. energy consumption elasticity coefficient is less than energy production elasticity coefficient, in this case, energy demand shortage will eventually tend to be 0 (Fig. 5 (a) steady state). It shows that when energy demand is smaller, the energy demand-supply system will be stabilized after a period of oscillation, this indicates that energy demand-supply system itself has a regulatory function, it will reach a steady state after a short period of adjustment.
Numerical Simulation of System (2)
(2) Let a 1 = b 2 = 0.09, fixed other parameters, i.e. energy consumption elasticity coefficient equals energy production elasticity coefficient, it indicates that the growth rate of energy demand is equal to the growth rate of energy production. In this case, energy demand-supply system will generate a periodic oscillation phenomenon (Fig. 5 (b) periodic oscillation state) , meanwhile, we can also see that energy supply lags behind energy demand.
(3) When a 1 > b 2 , the system will be rendered unstable state. In this case, the system need to rely on government regulation to achieve a steady-state or cycle shock state (we will hereinafter analysis). 
Energy Demand-supply Model with the Fixed Energy Demand Shortage
Theoretical Analysis
Let x is a known function of the time t, the energy demand-supply model with the fixed energy demand shortage is obtained:
when t = t 0 , x is a constant number, then the system (3) is a two-dimensional linear system with constant coefficients. Therefore its dynamical behavior is very simple and global.
The system (3) only has an equilibrium point S 0 (y 0 , z 0 ), for this equilibrium point, We have the following conclusion: 
Proof. System (3) is rewritten as
where
. Letẋ = 0,ẏ = 0, we can get the only equilibrium point S 0 (y 0 , z 0 ), where
. The Jacobian matrix of the system (4) at S 0 (y 0 , z 0 ) is
By calculations, we can obtain the eigenvalues of J are
, then λ 1 < 0, λ 2 < 0, system (3) has two negative real roots, thus the equilibrium point S 0 (y 0 , z 0 ) is a stable node in y − z plan; When x > c 2 c 1 , system (3) has two real roots with opposite sign, thus the equilibrium point S 0 (y 0 , z 0 ) is a saddle in y − z plan. (3) (1) Influence of demand shortage to energy supply Fixed parameters as above, let energy demand shortage x = 0.1, 0.2, 0.3, 0.4, according to the model, we get the energy supply curve with government regulation (Fig. 6 (a) ). From Fig. 6 (a) , we can see that when the case of certain energy demand, energy supply curve under government regulation tends to be stable over a period of shock. This shows that the government has a positive role in the regulation of energy demand-supply system with the fixed energy demand shortage. Meanwhile, we can also see that with the increase in energy demand, the stability of the value of the energy supply will also increase. This is in line with the people's basic cognitive. (Fig. 6 (b) ). From Fig. 6 (b) , we can see that when the case of certain energy demand, the initial value of government regulation will affect the time of energy supply curve reach a steady state, the greater the initial value of government regulation, the longer energy supply to reach a steady state. This shows that in energy demand-supply system, the intensity of government regulation is not the bigger the better, conversely, should follow the general laws of the market economy. The management of the energy market should adopt market self-regulation leading, government regulation subsidiary strategy. Therefore, in energy demand-supply system, the initial value of government regulation should not be too large, should be adjusted according to changes in energy demand. (Fig. 7 (a) ). From Fig. 7 (a) , we can see that when the case of certain energy demand, the inflexion of government regulation will affect the number of energy supply. The smaller the inflexion of government regulation, the greater the number of the stable value of the energy supply. From the view of the actual significance of the inflexion of government regulation, smaller the inflexion of government regulation indicates that the greater of the intensity of government intervention in the energy supply, this shows that the government pay more attention to economic development. When the energy supply is insufficient, in order to ensure economic development, the government has increased intervention, such that energy supply as much as possible to meet the demand. However, this does not mean that the smaller inflexion is more conducive to economic development. From the model and Fig. 7 (a) , the smaller inflexion means that the more fossil energy supply, this will lead to government investment in the development of clean energy will reduce, for the long term, this is not conducive to the sustainable development of the economy. Therefore, government regulation of the energy supply and demand, should not blindly increase control efforts, but rather to increase the government's influence. The influence of the government in the model is reflected in the influence coefficient b 3 . Let parameter b 3 be varied, fixed other parameters. According to the model, we get the energy supply curve under government regulation (Fig. 7 (b) ). 
Numerical Simulation of System
Energy Demand-supply Model with Government Regulation
From the above analysis, there is a complicated relationship between energy demands, energy supply and government regulation. In some cases, the system appears chaotic state (see 4.1.2 (3), Fig. 1 (c) , Fig. 8 (a) The inflexion of government regulation reflect the sensitivity of government regulation of energy supply. Let the inflexion of government regulation K = 1.1714 reduced to K = 1.1014 and fixed other parameters and initial condition, according to the model, we get the energy demand and supply curve under government regulation (Fig. 8 (b) ). From Fig. 8 (b) , we can see that the chaotic state of the system can be controlled to a periodic oscillation state by reducing the inflexion of government regulation.
(2) Adjusting the initial value and the influence coefficient of the government regulation
Let the initial value of government regulation from 0.3 increased to 1.2, let the influence coefficient from b 3 = 0.082 increased to b 3 = 0.09, fixed other parameters and initial condition, according to the model, we get the energy demand and supply curve under government regulation ( Fig. 9 (a) ). From Fig. 9 (a) , we can see that in the early period of time, energy supply and demand maintain a relatively stable state. However, after a period of time, the system back to the chaotic state. This shows that relying solely on the government's most powerful intervention is impossible to achieve permanent stability. (Fig. 9 (b) ). From Fig. 9 (a) , we can see that energy demand shortage tends to 0, energy supply and government regulation stability in a constant, the system reached a steady state. 
Conclusion
We have established a 3D nonlinear dynamics model for energy demand-supply chaotic system and have analyzed the dynamics behavior of the system. When some parameters are adjusted, the dynamic behavior of energy demand, energy supply and government regulation displays some regulated phenomena. By observing these phenomena, we can figure out the affecting factors for energy demand-supply, and grasp the statistical results which meet the real situation. This energy demand-supply system will be more satisfactory for actual energy demand and supply of China. The research results provide a key to energy demand-supply, that is to develop energy supply as soon as possible with proper strategies rather than simply increasing investment.
